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Abstract
We extend the Voloshin analysis of the relations between the inclusive decay
rates of the heavy baryons to the B meson triplet, B−, B0 and B0s . We
obtain the expectation values of the four-quark operators for mesons and
baryons which coincide with the earlier theoretical estimate. It is found that
|Ψ(0)Λb |2/|Ψ(0)B |2 = 3.8. The ratio of the lifetimes of Λb and B is found to
be about 0.78 and the lifetime of Λb 1.20 ps. Implication for quark-hadron
duality is also pointed out.
I. INTRODUCTION
According to heavy quark expansion (HQE), inclusive decay rates of heavy hadrons are
expected to have almost same lifetimes. At the leading order of the HQE, the hadronic
decay rate is, that of the free quark decay, proportional to m5, where m is the heavy quark
mass. The decay rate at the next-to-leading order (NLO) includes the terms of heavy quark
motion inside the hadron and chromomagnetic mass splitting due to spin orientation of the
heavy quark. Since the latter vanishes for baryons except for ΩQ, the NLO decay rate splits
up into mesonic and baryonic ones. The light quark flavour dependence of the decay rate









where the coefficient functions, C6, describe the spectator quarks processes such as Pauli
interference (PI), weak annihilation (WA) and W -scattering (WS). The operators in the
above equation are understood as the probability of finding simultaneously both the heavy
and light quarks at the origin, |Ψ(0)|2. Its evaluation is not yet clear whether it would in
deed account for the smaller lifetime of Λb [1].
For the HQE description of the beauty hadron decays, the b quark mass is heavy enough
to take to asymptotic limit. At the NLO, the ratio of lifetimes of B mesons is of the order
of unity, with small deviations due to the third order term. It is in agreement with the
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experimental value. On the other hand, the theoretical ratio of lifetimes of Λb and B at
order 1/m2 is 0.9, whereas the experimental value is 0.8. In order to include the spectators
contributions, it is essential to know the expectation values (EV) of the four-quark operators
(FQO). The EVFQO are obtained using the vacuum saturation approximation for mesons
and valence quark model for baryons. It was found that the obtained EVFQO are unable
to explain the discrepancy. Its evaluation is the central issue in the study of the spectator
quarks effect.
Recently, Voloshin [2] has made out an analysis on the relations between the inclusive
decay rates of the charmed and beauty baryons in the (ΛQ, ΞQ) triplet. The relations depend
only on the HQE and on the flavour symmetry under SU(3)f . In this procedure, the EVFQO
between baryon states is obtained using the differences in the total decay rates.
In this paper we extend the Voloshin analysis to the B meson triplet (section II). We
obtain the EVFQO for mesons and baryons whose ratio is about 3.8 which is in agreement
with the earlier model based calculation (section III). It gives the ratio of the lifetimes of Λb
and B to be around 0.78 and the lifetime of Λb to be 1.20 ps. Thus the four-quark operators
account for the smaller lifetime of Λb. We also point out the implications for the basic
assumption of the HQE - the quark-hadron duality (section IV) followed by the conclusion
in section V. The numerical predictions presented in this note are prone to change, if the
renormalisation dependence of the EVFQO is taken into account. But, the conclusion on the
role of the FQO in the HQE would stand.
II. SPLITTINGS OF INCULSIVE DECAY RATES
The B mesons, B−, B0 and B0s , are triplet under SU(3)f flavour symmetry. Their total
decay rate splits up due to its light quark flavour dependence at the third order in the HQE.
The differences in the decay rates of the triplet, Γ(B0) - Γ(B−), Γ(B0s) - Γ(B
−) and Γ(B0s)
- Γ(B0), are related to the third order terms in 1/m by






(c0 + 6) + (c0 + 2)
}
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where dΓB0−B− = Γ(B
0) -Γ(B−), Γ′0 = 2G
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q = u, d. In eqns. (2-4), the rhs contains the terms corresponding to the unsuppresed and
suppressed nonleptonic decay rates and twice the semileptonic decay rates at the third order.
For the decay rates Γ(B−) = 0.617 ps−1, Γ(B0) = 0.637 ps−1 and Γ(B0s ) = 0.645 ps
−1,
the EVFQO are obtained for B meson, as an average from eqs. (2-4):
〈O6〉B = 8.08× 10−3GeV 3. (7)
This is smaller than that obtained in terms of the leptonic decay constant, fB.
On the other hand, for the triplet baryons, Λb, Ξ
− and Ξ0, with τ(Λb) < τ(Ξ
0) ≈ τ(Ξ−),
we have the relation between the difference in the total decay rates and the terms of O(1/m3)




Γ′0(c00 − 2) 〈O6〉Λb−Ξ0 (8)
where c00 = −c+(2c− + c+). We obtain the EVFQO for the baryon
〈O6〉Λb−Ξ0 = 3.072× 10−2GeV 3 (9)
where we have used the decay rates corresponding to the lifetimes 1.24 ps and 1.39 ps of Λb
and Ξ0 respectively. The EVFQO for baryon is about 3.8 times larger than that of B. For
these values
τ(Λb)/τ(B) = 0.78 (10)
Using the experimental value of τ(B−) = 1.55 ps alongwith the above theoretical value, the




τ(B−) = 1.20 ps. (11)
The predictions here are significant qualitatively. This value may change by few percent
due to uncertainities. The earlier works in the literature are unable to account the EVFQO
for the discrepancy of the ratio of lifetimes of Λb and B [3–5]. However, in [6] we estimated
the EVFQO such that the theoretical prediction of τ(Λb)/τ(B) is close to experimental value
(see brief discussion in the next section). Lattice study also favours that the problem may
be explained by the FQO [7].
III. A MODEL FOR EXPECTATION VALUES
In our work [6], the EVFQO have been calculated following the formulation of Pirjol and








, F (q2) = e−q
2/β2 (12)
where F (q2) is the form factor of light quark scattering off the heavy quark inside the meson
with the constraint on it: F (0) = 1. The β, in the above equation, is determined by solving
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the Schro¨dinger equation in variational procedure with the harmonic oscillator wavefunction




2r2/2. We have chosen the QCD inspired (Cornell)
potential for the meson, V (r)meson = a/r + br + c and for baryon a slightly modified,
V (r)baryon = a/r + br + βr
2 + c. In this description, the baryon is considered as a two body
system of a heavy quark-diquark. The β’s for the hadrons are calculated: βB− = 0.4 GeV
and βΛb = 0.72 GeV.
The EVFQO for B and Λb are:
〈O6〉B− = 2.86× 10−3GeV 3 (13)
〈O6〉Λb = 1.69× 10−2GeV 3. (14)
This yields
τ(Λb)/τ(B) = 0.79. (15)
This is fairly close to the experimental value. Though these results are model dependent,
they found agreement with results obtained in the previous section and may find the support
if the lattice study becomes expectedly true [7].
IV. QUARK-HADRON DUALITY
In view of the results obtained for the lifetime of Λb, we draw some inferences for quark-
hadron duality (QHD) in the HQE (refer to [9] and references therein). Basically, quark-
hadron duality means that the hadronic quantities are completely given in terms of quarks
and gluons at a particular kinematic regime, by analytically continuing the truncated op-
erator product expansion (OPE) from the deep Euclidean region to the Minkowsky region.
Because of the heavy quark symmetry, QCD turns out to be an effective theory - heavy
quark effective theory (HQET) - in the heavy quark limit. This means that the inclusive
properties of heavy hadrons are given by the heavy quark dynamics as HQE offers: at NLO,
it is the sum of the free quark decay rate, effects of heavy quark motion inside the hadron
and the spin projection of the heavy quark. Thus, for the HQE, duality has a restricted
meaning that it is between the quark of mass as heavy as that of the parent hadron. Whereas
in the full QCD, it is quarks and gluons versus the hadron. Therefore, as long as the decay
rate scales like the heavy quark mass, the restricted meaning of QHD holds good for HQE.
When the heavy quark symmetry breaks down completely, though softly, at O(1/m3), the
idea of QHD develops into its totality. By totality, we mean the original problem of QHD
versus QCD.
To quantify the comments made above, let us consider the following heavy-light correlator
Π5(q) has an asymptotic expansion in the inverse powers of the energy released in the decay
[10]:
〈0|T [j(x)j(0)]|0〉 = 〈0|Tr[ΓSQ(−x)ΓSq(x, A)]|0〉 , j(x) = Q¯(x)Γq(x) (16)
where SQ, Sq are the heavy quark and light quark propagators. The condensate expansion
of the above equation, in the limit mQ → ∞ and mq 6= 0, leads to series representation.
When the expansion with residual mass term is boral transformed, it would give the duality
interval which may reflect the spectator effects in quantitative terms [11].
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V. CONCLUSION
If the HQE is an asymptotic series, then it leads to the observation that the convergence
of the HQE at O(1/m3) is a well founded ansatz. Thus, the voloshin analysis of the baryon
decay rates and its extension to the mesons are reasonable. The evaluation of the EVFQO
made is central. It is able to explain the smaller lifetime of Λb within the HQE formalism.
The results obtained using the experimental decay rates in this paper are already obtained
in [6]. The explanation offered within the HQE will be verified when the lattice results come
[7]. We have not included nonfactorisable part of the FQO. It may change the numerical
prediction about a few percent. But, it would not change qualitatively the observation made
as far as the role of the FQO in the HQE is concerned.
As regards the duality assumption, the duality violation in HQE amounts to the partic-
ipation of the spectator quarks in the decay, in the restricted meaning mentioned earlier. If
one is able to get quantitaively the duality interval for the QHD in heavy hadron decays,
then it will shed light on the question whether one has to use the constituent quark mass or
current mass.




. It is expected to
be around unity. This may, we strongly believe, warrant a fresh look at the issue of the
expectation values of four-quark operators between (atleast, heavy) hadrons.
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